Experimental evaluation & data handling workshop

1. Using Excel or the log paper provided, plot a dose response curve using the following data.

2.

3. Use the dose response curves to calculate the drug potency & proarrhythmogenic risk of each anti-arrhythmic agent. Record in the table below.

4. Which drug candidate would you conclude is the most promising & why? State your reasons with reference to efficacy & safety.
The aim of an anti-arrhythmia is to suppress the fast rhythm of the heart that will eventually cause an arrhythmia. There are many types of arrhythmia, such as atrial fibrillation (fibrillating of the heart muscles of the atria, instead of a co-ordinated contraction) & atrial flutter (abnormal heart rhythm that happens in the atria).

From Figure 1 & Table 1, the aim was to see which of the anti-arrhythmic agent atacherizines has the best potency & efficacy. It can be clearly seen that AT3 is the most potent. The potency is the amount of drug required to produced an effect of given intensity. This is because at a concentration of 700mM of AT3, you need 160675.2mM of aconitine to produce an arrhythmia. AT3 is the most resistance against aconitine. Therefore a low concentration of AT3 is needed to counteract a high concentration of aconitine, making AT3 the best anti-arrhythmic agent. This shows that AT3 is able to protect the cardiac tissue at a far greater concentration than the other ATs. It also has the best affinity & efficacy as at low concentration it is able to bind & cause a pharmacological response. Its EC50 is 450mM, therefore it shows it has a high potency & the dose required sounds reasonable.

The least potent is AT4, as you need the smallest concentration of aconitine to produce a cardiac arrhythmia. For a concentration of 700mM of AT4, only a small concentration of 1701.1mM of aconitine is needed to cause an arrhythmia. Therefore AT4 is the least protective of the anti-arrhythmic agents, & is easier for an arrhythmia to be induced.

There is little difference between AT1 & AT2; however in the pharmaceutical world a little difference can make a significant change. But AT1 is the better anti-arrhythmic agent of the last two (AT1>AT2), but there is little difference between them.

The ?QT is the change in time between the start of the QRS complex wave to the end of the T wave in the heart electrical cycle, therefore it is dependent on the heart rate. For an average male the ?QT is between 300ms & 400ms, & for an average female the ?QT is 450ms. Even though the atacherizines are anti-arrhythmic agents, but due to its risk of toxicity it is also a pro-arrhythmic agent (able to produce an arrhythmic). The ?QT interval is used as it correlates with pro-arrhythmogenic risk. The EC50 determines the starting dose of the drug.

If the QT exceeds 440ms then it will cause a cardiac arrhythmia. The problem is with the data we have, we don't know whether it exceeds it or not. We only have the ?QT. However beyond these concentrations we don't know the outcome.

From Figure 2 & Table 2 it can be seen, AT4 has the smallest change in ?QT interval, therefore less likely to cause a side effect. If you have a look at the EC50 value, a concentration of 510nM is required to make the change in ?QT interval by 4ms. This is a good thing because it means you need a lot of drug before a side effect can be caused. This is the best compared to the rest of the anti-arrhythmic agents. AT4 is the best pro-arrhythmic agent.

AT3 is the worst, as the concentration increases from 200mM to 700mM there is a high jump in the ?QT interval. The ?QT interval is prolonged. This suggests a low concentration of AT3 is required for a side effect to happen. Therefore it has a very narrow therapeutic window, just like digoxin. AT3 is the worst pro-arrhythmic agent. If you add up all the changes in ?QT, this will cause a cardiac arrhythmia as it exceeds over 440ms.

AT1 again is better than AT2 when it comes to the change in ?QT interval. However AT2, there was the biggest ?QT change as the concentration was increased from 400mM to 500mM. The rise took 20ms, which is the biggest observed in the ?QT ratio.

The ?Tp-e/QT ratio is the length of time it takes for the impulse to get from one side of the ventricular wall to the other, a measure of conduction velocity that is changed in the event of an arrhythmia. The ?Tp-e/QT ratio is used as it correlates with pro-arrhythmogenic risk. The TDS (Transmural Dispersion of Repolarisation) measures the risk of the arrhythmias. There was no EC50 values calculated for this.

The ?Tp-e/QT ratio is a relatively constant value regardless of ?QT interval in patients who have structurally normal hearts and is higher than 0.44 for patients at arrhythmogenic risk. Therefore, this ratio may serve as an applicable arrhythmogenic risk index. This study examines the properties of this index and compares its stability to QTc using automatic measurements in a large database of patient monitoring ECGrecordings.

From Table 3 & Table 3, it can be clearly seen that AT1 has the best ?Tp-e/QT ratio. This is because at a higher concentration the ratio is high & as the concentration of the anti-arrhythmic agent drops the ratio is reduced. Therefore if the concentration was increased to 1000mM it might have virtually reached a value of 0mM for the ratio. This suggests you need a higher dose of the drug to start off with; therefore this drug has a very large therapeutic window. The TDS is low for AT1.

AT4 is the worst drug in comparison with the ?Tp-e/QT ratio. This is because at a low concentration of the drug the ratio is at infinity, but as the concentration was increased from 300mM to 400mM, there was a large change of excess of 8.33. The TDS is very high for AT4, therefore it is going to cause a side effect & it is more likely to cause an arrhythmia.

Considering all the factors & the fact that we don't know how the anti-arrhythmic agents respond after this data. Even with the side effects we don't know what type they are. They might be minor or major; according to the data it is difficult to distinguish this. We don't know the mechanism/action of the drug or the class of the drug, therefore we are unsure to how the drug works in the body.

I have come to a conclusion that AT1 is the best drug. It seems to have the best balance between all the properties & characteristics needed. It has the second highest potency & efficacy (EC50- 150mM). You need a concentration of 32546.8mM of aconitine to induce an arrhythmia when you have AT1 (700mM) protecting against an arrhythmia.

For the ?QT interval, a concentration of 530mM (EC50) is required to change it by 15ms. This shows a high concentration of AT1 is needed before you get a side effect. This suggests it has very low proarrhythmogenic characteristics & properties.

The ?Tp-e/QT ratio sees a big fall, suggesting you need a higher dose to start the drug off with. Therefore a bigger therapeutic window & it has good safety properties & characteristics. (1, 8, 9)
5. What additional pharmacological information might be needed before advancing this drug candidate into clinical trials (human studies)?
There is much pharmacological information you need of the drug before it goes into the human trials. These trials will help determine a clinical safe starting dose/range & how the drug will work upon the body These include:

> Selectivity- the receptors in the body it will act on;

> Class- what class it falls under & understanding the of action & how it works;

> ADME- it is essential to know the administration, distribution, metabolism & excretion of the drug in the body & how it acts;

> Specificty- the characteristics & properties of the drug & which other receptors (& in the body) it might act upon;

> Full Blood Count- testing the effect on the white blood cell, red blood cell & platelets;

> Electrolyte- if it will alter the level of electrolyte & if so what is the next clinical step;

> Half Life- the amount of time it takes for the drug to half its original value;

> Pharmacokinetics- the effect the body has on the drug & it's nature, the effect it has on the cardiovascular system & all the other systems present in the body;

> Pharmacodynamics- the physiological effect the drug has on the body & it's nature, the effect it has on the cardiovascular system & all the other systems present in the body;

> Bioavailability- how the drug behaves in the body;

> Placebo- if the mind can help & if there was a mental block;

> Benchmark- testing it with what & possible interaction with other drugs, ;

> Temperatures- how the drug reacts at different temperatures;

> In Vitro, Ex Vitro & Ex Vivo;

> Lethal Dose 50 (LD50)- the dose where it causes harm & can be lethal to the patient;

> Toxicological Studies- to check the toxic effects on the body with regards to dose, pro-arrhythmic potential etc.
6. Using pubmed or google scholar, research some additional experiments that may be carried out to provide such information.
Additional experiments include the ability to check the drugs affinity & efficacy. This can be done by doing studies on the receptors & checking if the drug bind to the receptor & if so, is there a pharmacological response.

The aim of this would be to check the mechanism of action of the drug & where else the drug may act upon. & how specific it is when it binds.

The potency of the drug, therefore you know how much of the drug you need before it has an effect on the body.

To check the drugs ability to bind to the proteins in the body.

To check & determine the effects on the heart rate, blood pressure. Whether it has an effect on the ?QT interval & ?Tp-e/QT ratio, this will help determine the safety & proarrhythmogenic potential of the drug.

Determination of pharmacokinetics, pharmacodynamics & in general pharmacology.
Exercise 2: The pro-arrhythmogenic effects of flecainide
1. What is the mode of action of flecainide?
Flecainide is a arrhythmic agent that is used to control the fast rhythms of the heart. According to the Vaughn-Williams' classification of antiarrhythmic agent, it comes under the class of 1c. It's a membrane-stabilising action. It has a positive iontropic effect, therefore it is able to increases the muscle contraction.

As a membrane stabiliser, it restricts the entry of fast sodium current causing a reduction in the maximum rate of rise of phase 0 of the action potential, depressing depolarisation of cardiac cell membrane. This increases the threshold for excitation & prolongation of the effective refractory period, as there is a slower rate of conduction.

It also reduces the rate of phase 4 diastolic depolarisation, at the doses that have no other effects; thus leading in reduction in spontaneous automaticity.

As it is classed as 1c, it has no effect on the length of action potential. It reduces the rate of rise of phase 0, & it has little effect on repolarisation. The PR & QRS complex is prolonged, & it prolongs the refractoriness by blocking the outward-rectifying potassium channels. It also induces its effect by blocking the sodium channel. (3 & 4)
2. What was the clinical problem highlighted by the CAST study?
The aim of the CAST study in 1986 was to check the drug treatments of ventricular arrhythmias in patients who had MI, & if it reduced the incidence of cardiac death & total mortality. Apart from the placebo, there were three drugs being investigated which include flecainide, encainide & moricizine. By 1989 encainide & flecainide were stopped due to the simple fact it increased arrhythmic death, thus leading to a higher mortalilty rate. There was a larger patients group (7.7%) who had suffered mortality/arrhythmia, compared to the placebo group (3%). The CAST results are only applicable to patients who had previously suffered MI, as it wasn't tested on any other patients (healthy volunteers). Therefore the use of these drug is poor as they are a serious risk to patients who have previously suffered from MI.

The mechanism responsible of flecainide is uncertain, therefore it is unclear why it caused the deaths of the patients.
3. Which type of arrhythmia is being investigated?
During the CAST trial, flecainide has proarrhythmic properties on phase-2 ventricular arrhythmia during infarct evolution. In particular Ventricular Fibrillation , Ventricular Premature Beat & Ventricular Tachycardia of the ventricular arrhythmias were being investigated, (Torsades de Pointes, showing prolonged QT interval & repolarisation). Although the mechanism was not determined, but it is speculated it came during the early stage of ischemia or later during the infarct evolution phase.
4. Summarise the methodology & comment on the protocol used. Was it effective in answering the questions posed by the authors?
Male Wistar rats were anaesthetized to prevent blood clot formation in the coronary vasculature & the heart was being excised. This was then placed into a ice-cold control solution (mM:- NaCl 118.5, NaHCO3 25.0, MgSO4 1.2, NaH2PO4 1.2, CaCl2 1.4, KCl 3 & glucose 11.1). Then according to Langendorff, it was perfused with a control solution (37C and pH 7.4). All control and test solutions were filtered before use & the perfusion pressure was maintained constant at 70mmHg. The ECG was recorded from the centre of the region to become ischaemic. A traction-type coronary occlude was used to achieve regional ischaemia and reperfusion.

Six groups of hearts were used. All hearts were perfused with control solution & then regional ischaemia was induced by tightening the coronary ligature. At 90min of ischaemia, the perfusion solution was switched in a random & blind manner from control Krebs' to one of six modified Krebs' solutions. After a further 150min of ischaemia, the occluder was released to achieve reperfusion.

The langendorff model was used to provide the heart with oxygen & nutrients through a perfusate. The perfusate enters through a cannula which is placed into the aorta. When the perfusate enters the ostia at the basal aorta, the aortic valve closes because of the hydrostatic pressure. The perfusate passes through the coronary system. Therefore it is able to determine the properties & characteristics of the heart.

The reason there was 6 krebs solution was because using this idea they could check the effect of flecainide in the presence & absence of catecholamines.

The method & protocol used was good as they try to create the same conditions that mimic MI & other arrhythmias. Therefore flecainide actions can be checked at different stages of ischemic attack & post infarct reperfusion. The reperfusion of the infarct tissue also has its physiological effect. They have also used it in the presence & absence of catecholamines with flecainide to check if an cardiac arrhythmia is induced. Therefore the model used can be appreciated & thus good.

Another good point could be, the perfused rat heart will serve a useful model for evaluating drug induced pro-arrhythmia. But its value as a good model will come in to question until there is a clinical template of drugs with known & quantified pro-arrhythmic liability in each pathological setting encountered post MI.
5. What cardiovascular parameters were used to detect the pro-arrhythmogenic potential of flecainide?
The arrhythmias were defined according to the Lambeth Conventions & the incidence was compared using the Fisher's exact probability test with Bonferoni correction.

The arrhythmias were monitored using the ECG. Using the ECG there were many arrhythmias being detected. These include:

> Ventricular Fibrillation- signal from individual QRS deflections, which varied in amplitude & coupling interval from a cycle to cycle basis;

> Ventricular Premature Beat- measured on the QRS complex, the signals were discrete;

> Ventricular Tachycardia- four or more Ventricular Premature Beats;

> QT,PR & RR interval;

> incidence & time to onset of cardiac arrhythmia.
6. What were the major conclusions of the study?
Flecainide showed no significant pro-arrhythmic activity on phase-2 ventricular arrhythmia. Even with the co-perfusion & reperfusion with catecholamines there was no increase. Therefore this can't be the reason for the increased mortality.

The perfused rat heart will serve a useful model for evaluating drug induced pro-arrhythmia. But its value as a good model will come in to question until there is a clinical template of drugs with known & quantified pro-arrhythmic liability in each pathological setting encountered post MI. Therefore further tests & assessments are required & you can compare it with other hearts (rabbit, guinea pig).

There was some pro-arrhythmia but this could not be due to phase-2 ventricular arrhythmia potentiation.

Further pro-arrhythmic data & results need to be collected on a larger scale of pro-arrhythmic drugs in order to assay this method. Also to find the real reason & possibly the mechanism that caused the increased mortality of the post MI patients.
7. Summarise the relevance of this study to the future drug development
The potentiation of phase-2 ventricular arrhythmia does not appear to be a likely cause of the mechanism to explain the pro-arrhythmia seen with flecainide.

All the drugs that are being used should be clinically tested for pro-arrhythmic (or cardiac) activity. Particularly, phase-2 activity.

Further studies on other hearts (rabbit, guinea pig) & then compare it to the rat heart. To see if there is any phase-2 activity & if so, compare.

There was no clinical template of known drugs; therefore it wasn't clear whether the model used had a value. Therefore a lot of drugs have not been clinically approved as they are deemed liable. This leads to pre-clinical model being approved which can be used for pro-arrhythmogenicity.
Exercise 3: Preclinical evaluation of the risk of ventricular tachycardia with the anitihistamine fexofenadine

1. What cardiovascular side effect is associated with non-sedative antihistamines?
There are many 1st & 2nd generation H1-receptor antagonists that are associated with prolongation of the corrected QT (QTc) interval & in some cases ventricular dysrhythmias (torsades de pointes). They also cause palpitations, tachycardia. This could eventually result in syncope or death.

But fexofenadine doesn't have an effect on the CVS (heart rate, QRS width, PR & QT interval) because it is a 2nd & 3rd generation H1 receptor antagonist.

Dysrhythmia is another effect, but this is rare.

But not all the non-sedative antihistamine affects the CVS, therefore no side effect.
2. Define the ECG parameter is being tested in this study?
The aim of this practical was to check the effect of fexofenadine on the QT interval. The QT interval is the time taken from the start of the Q peak, till the end of the T peak. It is the measure of the time between depolarisation & repolarisation. This is significant because it can help determine whether there is an arrhythmia & if so which type (tachycardia & bradycardia).

Using Bazett's formula, the standard clinical correction can be determined. (2)

QTc=QTRR

QTc (ms)-        is the QT interval corrected for the heart rate

RR (s)-        is the interval from the onset of one QRS complex to the onset of the next complex (QPR complex)

There was no dose related increase in the QT interval (QTc) from the patients. There was no significant change (increase or decrease) in the QT interval (QTc), the frequency & magnitude of the QT interval (QTc) outliers with fexofenadine & placebo pretty much the same.

There was no case fexofenadine asscociated with torsades de pointes after 6000 patients were administered with the drugs.
3. What range of doses of fexofenadine were used in this study & how many patients were involved?
There were a total of 1160 patients. 870 of the patients took the fexofenadine & 290 patients took the placebo. The patients were taking the drug/placebo twice a day for 2 weeks. The doses of fexofenadine/dug given to the patient were 40, 60, 120 & 240mg.

For the long term safety study. In a duration of 3 months, 80mg was given twice a day. For 6 months, 60mg was given twice a day. For 12 months (1 year), 240mg was given twice a day.
4. How was the long term safety of fexofenadine assessed?
The initial studies was for 2 weeks. The patients involved had seasonal allergic rhinitis.

The long term safety studies constructed of three parallel placebo controlled studies. In duration of 3 months, 80mg was given twice a day. For 6 months, 60mg was given twice a day. For 12 months (1 year), 240mg was given twice a day.
5. What was the rationale behind the studies involving co-administration of fexofenadine & erythromycin/ketoconazole? What other combinations might have been evaluated in this study?
To use these drugs together, there was a rationale reason.

Erythromycin & ketoconazole inhibits the cytochrome P450 system (affects the metabolism) & thus blocks the metabolism of terfinadine. This raises its plasma level & therefore increasing the harmful effects. Fexofenadine is linked with terfenadine, as fexofenadine is a product of terfenadine metabolism. Therefore when these drugs were co-administrated there was no prolongation of the QTc or an increased incidence of adverse events.

But the administration of erythromycin & ketoconazole with terfenadine increased the QTc prolongation, thus leading to cardiac arrhythmia.

Other combinations include with certain protease inhibitors (Tipranavir), SSRI's (citalopram), calcium channel blockers (verapamil), H2-receptor antagonist (ranitidine).
6. Summarise the results of preclinical studies on fexofenadine cited in this paper. What is the relevance of the effect of fexofenadine on K (potassium) channels?
In general there was no significant change in the QTc. Whether fexofenadine was increased (dose & concentration), given to patients suffering from rhinitis, or given with comparison with the placebo. Either way there was no significant change in the QTc.

Even when the drug was given with ketoconazole & erythromycin there was no change in the QTc.

There was an increase in dose of fexofenadine to 60mg, 80mg & 240mg. This was given over a period of time of 3months, 6months & 12 months respectively. Again there was no significant change in the QTc, suggesting it was clinically safe.

The drug being clinically tested (fexofenadine) is the intermediate & product of metabolism of terfenadine. Terfenadine is a prodrug & is broken down by the intestinal cytochrome P450 CYP3A4 isoform. Terfenadine causes a cardiac arrhythmia in higher doses by prolonging the QT interval, however its intermediates have no such effect. This result demonstrated that fexofenadine had no/minimum effect on the potassium channels. Even when the concentration was increased 30, again there was no effect, therefore there was no change in the QT interval (prolonging). The heart rhythm & electrical conduction was normal, & unable to produce cardiac arrhythmia such as Torsades de Pointes. (6)
7. How might the techniques you have learnt about in this workshop be used to evaluate the CV safety of fexofenadine?
The main technique would have to be the ECG. This could be used to calculate & check the following parameters: QT, QTc, RR, ?Tp-e/QT ratio. This is important so you know the risks certain drugs may cause cardiac arrhythmia. In this particular case, fexofenadine has had no immediate effect on the ECG parameters, therefore no effect on the heart; hence causing no cardiac arrhythmia.

Another technique could be the Langendorff Perfused Heart, which helps determine the proarrhythmogenic potential of drugs.

Perfused Ventricular Wedge is used to tests the effects of the cardiovascular drugs. Arrhythmias are detected using this technique.

The final technique would the drug-induced arrhythmia.
Exercise 4: Clinical relevance of the experimental pharmacology of arrhythmias (CASE STUDY)
There are 5 classes of antidepressant. TCA's are the main culprit that has an effect on the cardiac arrhythmia. TCA's work by having an effect on the QT interval, by prolonging its action. Basically the QT interval is the time for both the ventricular depolarisation & repolarisation to occur, therefore it is able to estimate the duration of an average ventricular action potential. This interval normally ranges from 0.2-0.4seconds, but this will depend on the heart rate. The depolarisation effect is a rapid influx of sodium ions entering into the cell through the sodium ion channels. This will be determined by the QRS interval. The repolarisation effect is the sodium, calcium & particularly the potassium ions. This is because the potassium ions are responsible for repolarisation. Therefore the rate of depolarisation & repolarisation of the ventricles are very important in the QT interval. At high heart rates, the ventricular action potential is shortened; therefore the QT interval is shortened. At low heart rates, the ventricular action potential is increased; therefore the QT interval is prolonged. Either way this can cause a cardiac arrhythmia.

Antidepressants are non-selective & therefore are able to act on many receptors; therefore they are able to prolong the QT interval. They might act upon the beta receptors that are located on the heart; therefore they might have an effect on the heart. (5)

TCAs & SSRIs block the sodium & potassium ion channels. In particular the potassium ions prolong the QT interval, therefore the QT interval is prolonged. This will again lead to a cardiac arrhythmia.

The Selective Serotonin Reuptake Inhibitors work by blocking the re-uptake of serotonin. The Monoamine Oxidase Inhibitors work by preventing the MAO type A enzyme from breaking down the noreadrenaline & serotonin. Both noreadrenaline & serotonin have depression properties & characteristics.

From all the types of antidepressants, the TCA's are more likely to cause cardiac arrhythmias (such as Torsades do Pointes) as they are able to prolong the QT interval. In particular, the tertiary amine TCA's are the worst type due to its functional groups. Such drugs include Doxepin, Amitriptyline just to name a few.

There are many clinical models that can be used to check the safety of the drug. There should be studies in ex vivo, in vivo & ex vitro on the heart, in particular the ECG. All the parameters (QT, ?Tp-e/QT ratio, RR etc) should be analysed, to see their action & response.

Also to check if there is any interaction with other drugs & to again compare with the parameters discussed.

The Langendorff Perfused Heart could be used to check the proarrhythmogenic potential of the drug. Therefore the QT interval & ?Tp-e/QT ratio can be determined to check its side effect & its toxicity.

The Perfused Ventricular Wedge Model can be used to determine the effects of the cardiovascular drugs. It is able to analyse many parameters, but in particular the QT interval, RR & ?Tp-e/QT ratio. These are the main parameters that should be discussed & analysed further.

Arrhythmias can also be detacted electrophysiologically by placing the electrodes on the endocardial & epicardial surface. This will detect the TDS properties that manifest in the proarrhythmias. Again the QT interval, RR & ?Tp-e/QT ratio are the main parameters to be analysed.

Mapping is another technique that will check the proarrhythmogenic potentials of the drugs. This will help determine the QT interval & ?Tp-e/QT interval.

The Isolated Superfused Myocardial preparations are another model that will study effects of the action potentials.

Drugs that prolong the QT interval, RR & ?Tp-e/QT ratio are bound to cause a cardiac arrhythmia, such as Torsades de Pointes.

HERG Assay is the inhibiting of the inward & outward current, therefore this may prolong the QT interval causing a decrease in ventricular repolarisation.

The side effects that manifest in patients include SOB due to poor oxygen/blood flow, chest pain, palpitations, irregular heart beat. (10)

But in general you would need to know whether it affects certain patients depending on their age, ethnicity, people who have cardiovascular problems etc. Or in general everyone who takes the drug.

Certain patients will be predisposed to these types of side effects. If they are co-administered with anti-arrhythmic drugs. People who are taking these types of drugs are most vulnerable as they are weak from the heart, they might have had a MI previously. Therefore with the addition of antidepressants it has an effect on the QT interval; resulting in cardiac arrhythmia.

Atenolol, propranolol with the addition of antidepressants. They reduce the blood pressure considerably; thus leading to hypotension & eventually death. (10)

Childrens & Elderly are another batch of people that are going to be manifested as they are physically weak & it would be difficult from them to recover at this stage. People who have a decreased liver function, a problem with urinary retention. Also people with epilepsy & people who have a history of mental problem & behaviour.

It has not been safely tested with pregnant people or when breastfeeding. Therefore it would not be recommended.
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